The chemical composition of Tornabenea bischoffii J. A. Schmidt essential oil from Cape Verde was studied by GC and GC/MS. Sixty volatile compounds were identified of which myristicin was the major constituent (33.6%). Using the 2,2-diphenyl-2-picrylhydrazyl free-radical scavenging method and the in vitro assay for prevention of lipid peroxidation by thiobarbituric reactive species, significant antioxidant activities were evidenced.
The oxidation of lipids in food, cosmetic, and pharmaceutical products, together with the growth of undesirable microorganisms results in their deterioration, rendering them unacceptable for human consumption. Besides, overproduction of free radicals in organisms and lipid peroxidation in cell membranes has been implicated in various pathophysiological disorders [1] . Furthermore, a broad number of essential oils and isolated compounds were recently qualified as very strong natural antioxidants [2] [3] [4] and proposed as potential substitutes for synthetic antioxidants.
Tornabenea Parl. ex Webb (family Apiaceae, division Magnoliophyta, class Eudicots, order Apiales) is a small endemic Capeverdean genus. The number of species in Tornabenea genus formerly considered as a synonym of Melanoselinum Hoffm [5] , is still a matter of controversy with some species being poorly delimited [6] . T. bischoffii J. A. Schmidt is an aromatic plant known as 'funcho' by Capeverdeans, who usually use it for treating discomforts related to the skin. It occasionally grows up to 2 m and its flowers are strongly aromatics. This plant is a characteristic element of the vegetation from steep altitudes (between 800 and 1400 m) and is very appreciated by the animals [7] .
During recent years, a great variety of biological activities have been reported for different species of the Apiaceae family growing in different parts of the world [8] [9] [10] [11] [12] . However, to the best of the author's knowledge, there are only two chemical studies in the genus Tornabenea [13, 14] with no pharmacological applications until now. Thus, the aim of the present work was to determine the chemical composition of the oil obtained from aerial parts of wild T. bischoffii by GC and GC/MS, as well as to test its antioxidant potential on two different radical scavenging models (DPPH and TBARS).
A yield of 0.79% (w/w) of essential oil was obtained by hydrodistillation of the aerial parts of T. bischoffii. The chemical composition of the volatile oil is summarized in Table I . A total of 60 compounds were identified, accounting for 77% of the total composition. Many of them are reported for the first time in the genus Tornabenea. Myristicin (33.6%) dominated the volatile oil composition. This phenylpropanoid was previously detected as the major metabolite (95-100%) in all T. annua and some T. insularis essential oil from herbarium and in vivo fruit samples [14] . However, in the same study, another significant phenylpropanoid (elemicin) of T. bischoffii essential oil (3.6%), dominated some other samples of T. insularis and a sample of T. tenuissima (81-90%), while other one of T. tenuissima presented a geranyl acetate chemotype (89.7%), oxygenated monoterpene that was not detected in our essential oil. In other study, were identified limonene (57%) and β-pinene (43%) as the main components of the ether extract from T. insularis seeds [13] ; also identified in our sample, but in a lesser quantity (6.3 and 4.5%, respectively). Among all molecules detected in this work, six of them, including the second major component (13.6%), did not match up with any mass spectra available on multiple databases and may represent new volatile compounds. Unfortunately, the biological material available was not sufficient to isolate the major metabolite and analyze its structure by NMR spectroscopy.
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To establish the antioxidant activity of this volatile oil, two well-established in vitro assays were used. The first is based on the free-radical-scavenging capacity of the stable DPPH radical and the second concerns the spectrophotometric detection of TBARS, namely being malonaldehyde, one of the secondary lipid peroxidation products, whose quantification gives a measure of the extent of lipid degradation.
For the first assay, solutions with essential oil concentrations of 0.3-3.0 mg/mL, and different doses of ascorbic acid (positive control) were prepared to evaluate the DPPH radical-scavenging capacity. The respective scavenging capacities ranged from 24.0 ± 0.4% to 82.6 ± 0.5% with EC 50 value of 0.9 ± 0.4 mg/mL. The EC 50 for the standard was equal to 0.025 ± 0.004 mg/mL. On the other hand, for the second test, different concentration of the volatile oils (20-250 µg/mL) and BHT as positive control also showed antioxidant activities in a dose dependent manner and had 7.25 ± 0.03% to 66.60 ± 0.04% inhibition on lipid peroxidation, the IC 50 values were found to be 0.23 ± 0.05 and 0.15 ± 0.03 mg/mL for the volatile oil and BHT, respectively.
Although the antioxidant activities of the most representative components in this essential oil are not documented, several minor ones such as terpinolene, αterpinene, -terpinene and sabinene have been found to exhibit significant radical scavenging properties, including by the TBARS method [2] . Some essential oils rich in nonphenolic compounds also exhibit antioxidant potential [21, 22] ; in this context, the scavenging properties of T. bischoffii essential oil could be attributed to a certain extent to its non-phenolic constituents.
Tornabenea bischofii essential oil
Natural Product Communications Vol. 6 (8) 2011 1181
The relatively good antiradical effects of this essential oil by the inhibition of reactive oxygen species (ROS), together with its pleasant sweet odor, are probably the basis for using it as a foodstuff as well as a traditional medicine. Furthermore, as this product came from a genus that is largely unexplored, it could be a source of new chemical structures. Thus, future chemical studies from much more quantity of plant material are needed to isolate and characterize its unknown components, as well as test them as antioxidants. 
Experimental

Isolation of essential oil:
Aerial parts of the plants were harvested, washed with distilled water, and air-dried for three days. The oil was obtained from 50 g of material by simultaneous distillation-solvent extraction with 100 mL of dichloromethane for 2 h (previously distilled). The extract was dried over anhydrous sodium sulfate and concentrated with a Kuderna-Danish apparatus to 1 mL, and then, with a gentle stream of nitrogen until total elimination of the solvent. The yield was calculated according to the weights of oil and plant material before distillation.
Gas chromatography and gas chromatography-mass spectrometry analyses:
GC and GC-MS analyses on nonpolar column were carried out using an Agilent 6890 N gas chromatograph equipped with a flame ionization detector (FID) and a quadrupole Agilent 5973 network mass selective detector (EI mode at 70 eV, mass range of 35-400 u). The gas chromatograph was equipped with HP-1 fused silica column (50 m x 0.2 mm i.d., film thickness 0.33 µm). The analytical parameters (identical for GC and GC-MS analyses unless specified) were: carrier gas helium at 1 mL/min. The oven temperature was programmed from 50 to 250°C at 2°C/min and held isothermal for 40 min; injection mode, split ratio 1:100; injector temperature 250°C. The FID temperature was set at 250°C, and in the GC-MS analyses, the temperatures of the ion source and transfer line were 170 and 280°C, respectively.
GC and GC-MS analyses on polar column were performed with a Hewlett-Packard 5890 chromatograph equipped with a FID and a HP 5970A mass selective detector (EI mode at 70 eV, mass range of 35-400 u), using the following conditions: HP-20M fused silica column (50 m x 0.2 mm i.d., film thickness 0.1 µm); injection mode, split ratio 1:100; oven temperature, programmed from 60 to 220°C at 2°C/min and then held isothermal for 30 min; carrier gas, helium (0.8 mL/min); injector and transfer line temperatures, 220 and 230°C, respectively.
The linear retention indices (RI) of the components were determined relative to the retention times of a series of nalkanes (C 8 -C 32 on the HP-1 and HP-20M columns), and the percentage compositions were obtained from electronic integration measurements without taking into account relative response factors. Peak identification was carried out by comparison of the mass spectra obtained on both polar and non-polar columns with mass spectra available on database of NIST, NBS, Adams 2001, Wiley, and inhouse Flavorlib libraries. The compound identification was finally confirmed by comparison of the relative retention indices in both columns with published data [15] [16] [17] [18] .
1,1-Diphenyl-2-picrylhydrazyl (DPPH) radicalscavenging assay:
The antioxidant activity of the essential oils was also measured in terms of free-radical scavenging ability according to DPPH reported method [19] with minor modifications. Basically, a 60 µM methanolic solution of DPPH (980 µL) [Sigma-Aldrich Co., St. Louis, MO], prepared daily, was placed in a spectrophotometer cuvette, and essential oil concentrations of 0.3, 0.6, 1.0, 2.5 and 3.0 mg/mL or ascorbic acid (standard) (0.16, 0.26, 0.6, 1.0 and 1.3 mg/mL) in methanol (v/v) solution (20 µL) were added. The decrease in absorbance at 515 nm was determined until the reaction plateau step was reached. Methanol was used to zero the spectrophotometer. EC 50 values were determined from the plotted graph of scavenging activity against the concentration of samples, which is defined as the total antioxidant necessary to decrease the initial DPPH radical concentration by 50%. Triplicate measurements were carried out, and their scavenging effect was calculated based on the percentage of DPPH scavenged.
TBARS (thiobarbituric acid reactive species) assay:
The lipid peroxidation assay as TBARS was carried out by a modified method [20] . The reaction mixture contained in a final volume of 1.1 mL, 100 μL cerebral tissue (whole brain) and 1 mL (0.05 M) of KH 2 PO 4 -K 2 HPO 4 buffer, pH 7.4 in NaCl (0.9%) and six concentrations of the essential oils (20, 50, 100, 150, 200 and 250 μg/mL) was incubated at 37ºC for 60 min. Then, 1 mL of thiobarbituric acid (0.5%) and 1 mL of trichloroacetic acid (20%) were added to the test tubes and were incubated at 100 ºC for 60 min. After cooling, absorbance was measured at 532 nm against control and buffer, BHT being used as reference compound. All the experiments were performed in triplicate and the results were averaged. The inhibition percentage was determined by comparison of the results between the samples and control.
